Summary. When hens were inseminated with an equal number of spermatozoa from one of 3 Leghorn (L) and one of 3 Columbian (C) 
Introduction
Males differ in their fertility. A higher proportion of females conceive after insemination to certain males than after insemination to other males and the number of offspring per litter is also higher from some sires than others (Bishop, 1964; Finn, 1964; Boender, 1966) . Because high fertility in domestic animals is essential for the efficient and profitable production of livestock, many attempts have been made to correlate characteristics of the male, his semen, and his spermatozoa, to his fertility. Esti¬ mates of fertility based on these relationships are often not accurate and can even be misleading if the correlation is low. Even estimates of fertility based on conception rates and litter size from insemi¬ nating a large number of females to one male are uncertain because of the influence of season, competence of the inseminator, nutrition, management, fertility of the female, and other variables. In cattle, competitive mating by heterospermic insemination essentially eliminates these uncer¬ tainties and is more than 170 times more sensitive as a means of estimating relative fertility than estimates made by mating to one male as in homospermic inseminations (Beatty, Bennett, Hill, Hancock & Stewart, 1969) . This greater sensitivity would also be useful for the evaluation of males of other species. The following study was conducted to determine the relationship between estimates of fertility obtained by competitive mating and estimates obtained by homospermic inseminations in chickens and pigs.
Materials and Methods

Chickens
The management of the chickens and the processing and handling of the eggs and semen followed conventional practices as described previously (Martin, Reimers, Lodge & Dziuk, 1974 In the third experiment with variable numbers of spermatozoa from 2 cocks, 1266 eggs were observed for fertility and hatchability. The number of eggs for each of the numbers of spermatozoa ranged from 200 to 224 (Table 3 (Table 3) , a hierarchy of fertility of males could be established. These observations of a hierarchy are in agreement with those of other workers in the chicken (Allen & Champion, 1955) , rabbit (Beatty, 1960 ; O'Reilly, Graves & Dziuk, 1972) and cattle (Beatty et al, 1969; Stewart, Spooner, Bennett, Beatty & Hancock, 1974) . Although different methods were used in the present study for calculating a ranking of males, none changed the rank order.
Males which sired the greatest proportion of offspring following heterospermic insemination or double mating also tended to be more fertile when used alone (Tables 2 and 5 ). The hierarchies of cocks and boars based on fertility of males following heterospermic insemination or double mating are essentially the same as the hierarchy of males following homospermic insemination or single mating. The minor differences observed in the hierarchies of cocks and boars occurred among males that were about equally fertile. The more fertile cocks, as determined by heterospermic insemi¬ nation, fertilized a higher proportion of eggs when used alone and a higher proportion of the eggs fertilized by highly fertile cocks hatched when compared to less fertile cocks. Following homo¬ spermic insemination, the hierarchies of cocks based on fertility and on hatchability of fertilized eggs were identical (Table 2) . Similarly, the more fertile boars following double mating had higher conception rates, higher embryonic survival rates, and larger litter sizes when used alone than did the less fertile boars (Table 5 ). Because the number of corpora lutea was very similar between groups of gilts, the larger litter sizes for the more fertile boars cannot be attributed to differences in ovulation rates. The nature of the possible differences between boars cannot be determined by this study. Although the differences in litter size and embryonic survival between Boars Yl, Y2 and D4 were small, they are consistent with the ranking established by double mating. The differences be¬ tween these three boars and Boars D8 and Y4 are greater and are again congruous with the ranking established by double mating.
There have been other studies in pigs of heterospermic insemination by artificial insemination of mixed semen or double mating but none has reported the proportion of offspring with an individually identified boar (Alexandrowicz & Ratajszczak, 1969; Benzenko, Terent'eva, Zhirnov, Chernushenko & Jaffe, 1970; Roberts & Carroll, 1939) . The previous reports have not identified individual boars but only designated boars by breeds or as the first used or by their age. The proportion of litters containing offspring from both sires ranged from 58% to 79% in these previous studies. In the present study, there were 17 litters entirely from the first boar used, 10 from the second, and 24 with litters containing offspring from both boars. Of the total offspring very nearly half were from the first boar. These observations are similar to those made in other studies. In one study (Benzenko et al, 1970) , three times as many piglets were sired by one boar than by the other boar in a heterospermic pairing. In the present experiment, the differences between boars were even greater in several pairs.
The results of our study are in agreement with those of Beatty et al (1969) who found that bulls siring a preponderance of offspring after heterospermic insemination were also more fertile following homospermic insemination and they reasoned that small differences in fertility between bulls could be detected with greater certainty by heterospermic insemination because it was much more sensitive, at least 170 times, than homospermic insemination. This greater sensitivity in detecting differences in fertility between males by heterospermic insemination in comparison to homospermic insemination is shown in the following example. When comparing Cock LO with the C cocks, LO D8 and Y4 shows that they could be detected readily by heterospermic tests. Thus, it appears that the relationship between fertility ranking by heterospermic and homospermic methods is consistent from one species to another in chickens, pigs and cattle, and at both ends of the scale of fertility.
In the experiment using reduced numbers of spermatozoa/hen, although there was a direct relationship between sperm number and fertility for both males, efficiency and sensitivity were not increased and we do not know why. Even if this method were reasonably sensitive and efficient for estimating differences in relative male fertility, the low conception rates associated with the method would make it unacceptable for large field trials. In contrast, heterospermic inseminations are efficient and conception rates are normal. Highly fertile males and subfertile males are easily identified following heterospermic insemination or double mating. The hierarchy of males in a breeding herd would not be expected to fluctuate greatly because the proportion of offspring sired by 2 males is consistent over time (Beatty, 1960; Beatty et al, 1969; Martin et al, 1974; Beatty, Stewart, Spooner & Hancock, 1976) . Therefore, when a male of unknown fertility is introduced into the breeding herd, his rank among a group of males could easily be determined by heterospermic competition between any one of the ranked males and the male of unknown fertility. All males in a study could be tested against one standard animal to determine ranking. This simple method for identifying males of high fertility and low fertility enables the breeder to eliminate the male of low fertility from the breeding herd. This may be important in breeding herds and in artificial insemination centres because of the relatively low correlation between the usual measures of semen quality and subsequent fertility.
In In the microscopic examination of semen from the cocks, the only noticeable distinction between cocks was a higher proportion of cytoplasmic droplets on the spermatozoa of Cock C3. By all measures of fertility, both heterospermic and homospermic, there were clear differences between cocks not readily distinguishable by examination of semen. With the development of means of identifying which spermatozoon fertilizes which egg (Pursel, Johnson & Borkovec, 1975) , an accurate, consistent and reliable measure of fertility can be made by examining about 40 embryos a few days after insemination. After observation of these 40 embryos from a few cows, sheep, or about 5 gilts induced to ovulate, the relative fertility of males could be determined with greater certainty in a few days than is now the case with hundreds of matings under a variety of conditions requiring the examination of 30-60-day non-returns to oestrus or analysis of records of birth of offspring requiring a period of at least the length of gestation from the time of insemination.
From a practical point of view, breeders who are not interested in the relative ranking of males but are concerned about fertile matings, mixing semen from several males will increase the chances that at least one male will be of relatively high fertility. In addition to increasing the odds that a mating would involve a fertile male with consequent higher fertility there is the added advantage that a greater proportion of offspring would be sired by the more fertile male. If there is a heritable com¬ ponent to either high or low fertility, then fertility of succeeding generations should not be reduced and may even be increased (Beatty, 1975) .
